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Testing/Reporting Status

– Testing on both engines is completed
– Data for Engines #1 & #2 on website
– Draft Memorandums –

• Engine #1 on website
• Engine #2 ready for CARB review by mid-

October
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Engine Parameters
• 2006 Cummins ISM 370 – Engine 1

– In-line, 6 cylinder, 4-stroke, 10.8 L engine
– 370 hp / 1450 ft-lbs @ 1800 rpm
– Turbo charged with EGR

• 2007 MBE4000 – Engine 2
– Equipped with OEM DPF
– In-line, 6 cylinder, 4-stroke, 12.8 L engine
– 410 hp @ 1900 rpm
– Turbo charged with EGR
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Test Matrix
– 2006 Cummins

• Soy and Animal biodiesel, Renewable and 
GTL diesel

–UDDS, FTP, 40 mph & 50 mph Cruise
• Extensive Mitigation testing with additives 

and renewable blends over FTP
– 2007 MBE4000 

• Soy-based &  Animal-based
–UDDS, FTP, 50 mph Cruise

• Limited mitigation testing with additives and 
renewable blends over FTP

Biodiesel/Renewable Diesel Study
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Engine 1 – 2006 Cummins 
Test Runs

– Biodiesel Results show trends consistent with 
expectations

• Increasing NOx for the biodiesel blends
• Decreasing PM for the biodiesel blends
• Decreasing THC for the biodiesel blends 
• Decreasing CO for the Animal, but not the Soy 
• Increasing fuel consumption for biodiesel blends

– Renewable diesel showed reductions in NOx & PM
– CO2 increased slightly for higher biodiesel blends
– Complications with 50 mph Cruise due to different 

engine operating modes
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Engine 2 – 2007 MBE4000
Test Runs

– Biodiesel Results show trends consistent with 
expectations

• Increasing NOx for the biodiesel blends
• PM, CO, and THC showed limited trends with 

fuel due to DPF 
• Increasing fuel consumption for biodiesel blends

– CO2 increased slightly for higher biodiesel blends
– emissions sampled between forced regenerations

• Eliminate complexity of separating fuel and 
regeneration effects

• Forced regenerations were performed regularly
• Additional studies of regeneration effects may 

be conducted in the future
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Soy Feedstock Test Matrix

Biodiesel/Renewable Diesel Study

8

Soy Biodiesel NO x Results 
2006 Cummins

Biodiesel/Renewable Diesel Study

NOx Emissions - Soy Biodiesel
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Soy Biodiesel NO x Results 
2006 Cummins
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NOx Emissions - Animal Biodiesel
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Draft NO x Results 
2007 MBE4000
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Draft NO x Results 
2007 MBE4000
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Draft Biodiesel NO x
Engines 1 & 2
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Renewable NO x Results 
2006 Cummins
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NOx Emissions - Renewable Blends
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GTL NOx Results 
2006 Cummins
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Draft Renewable/GTL NO x
2006 Cummins
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Strategies for NO x Mitigation

– Additives
– Renewable/biodiesel blends
– GTL
– Match blending – subsequent testing??

Biodiesel/Renewable Diesel Study
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Additive Testing
– 2- ethyl-hexyl-nitrate (EHN)

• 1% level in B5, B10, and B20

– Di-tert-butyl-peroxide (DTBP)
• 1% level in B10 and B20

– Both additives have been studied by NREL and 
SwRI

– Use B20-soy with highest NOx disbenefit
– All testing on FTP
– DTBP successful at 1% level with B20
– 2-EHN unsuccessful even at 1% level with B5
– Additional testing as needed to look at cycle effects 

and higher blend levels

Biodiesel/Renewable Diesel Study

18

Renewable/GTL Mitigation Blends
– Higher Renewable Blends Successful (Engine 1)

• R80/B20, R55/CARB25/B20
– Several blends w/ ~B5/B10 successful  (Engine 1)

• CARB70/R20/B10-S, CARB80/R15/B5-S 
• CARB80/R13/B3S/B4A, CARB70/R10/B10-S .25DTBP

– Some blends w/ B10/B20 unsuccessful (Engine 1)
• CARB70/R20/B10-S 
• CARB80/G10/B10-S, CARB80/G27/B20-S

– Engine 2
• B5-S + 0.25% DTBP successful
• CARB80/R15/B5-S unsuccessful

Biodiesel/Renewable Diesel Study
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NOx Mitigation
2006 Cummins

Biodiesel/Renewable Diesel Study
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Draft Engine 2 NO x Mitigation

Biodiesel/Renewable Diesel Study
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Draft NO x Mitigation Results
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Additional Mitigation Testing

– Second Phase of NOx mitigation testing 
planned

– Testing at CARB facility in Los Angeles

Biodiesel/Renewable Diesel Study
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PM Results 2006 Cummins
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PM Emissions - Soy Biodiesel
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PM Results 2006 Cummins

Biodiesel/Renewable Diesel Study

PM Emissions - Animal Biodiesel

0.00

0.01

0.02

0.03

0.04

0.05

0.06

0.07

0.08

0.09

UDDS FTP 50 mph Cruise

P
M

 E
m

is
si

on
s 

(g
/b

hp
-h

r)

ULSD

B20 - Animal

B50 - Animal

B100 - Animal

B5 - Animal



25

Draft PM Test Results
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Draft THC Test Results
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Draft CO Test Results
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